The colours of alcoholic drinks are often due to congenerscompounds other than alcohol (ethanol) that form during the fermenting process. Bourbon contains 37 times more congeners than vodka, for example. Although the main cause of hangover symptoms is ethanol, congeners are thought to make matters worse.
Rohsenow et al. assessed this theory in a controlled study in which subjects drank vodka or bourbon until their blood alcohol concentration reached an intoxicating level. The intensity of the subjects' hangovers was quantified the next day using a symptom-based scale, and the subjects were given tests to measure their performance in tasks requiring speed and/or sustained concentration. Because alcohol affects the quality and duration of sleep, the authors also monitored these effects in their subjects.
Sure enough, bourbon caused worse hangovers than vodka, and all of the subjects experienced lighter, more disturbed sleep after alcohol consumption than they did when given a placebo (decaffeinated cola). But the effects of bourbon on sleep and on nextday performance in tests were no worse than those of vodka. What's more, although the amount of alcohol-induced sleep disturbance correlated with hangover severity, it was not responsible for the effects on performance in the tests.
Older subjects, or those dependent on alcohol, might have behaved differently from the young, healthy people who took part in the research. Nevertheless, as the authors point out, these findings have implications for people working in safety-sensitive jobs -as well as providing insight into how you feel the morning after the night before.
Andrew Mitchinson

HANGOVERS
Uncongenial congeners
stars strike each other, they are likely to merge into a single star, in an event characterized by relatively little mass loss 5 . This violent event, which could explain how blue stragglers came to be (Fig. 1a) , may stir up the contents of the newly formed star, providing large amounts of hydrogen in the centre to be used as fuel in nuclear-fusion reactions. It is almost as if the star is reborn.
But collisions are unlikely to be the entire story, because blue stragglers have been seen in isolation in the dark-matter halo of our Galaxy, where stars are so sparse that close encounters between them will not occur sufficiently often to account for the number of blue stragglers seen there 6 . An alternative way to make a blue straggler is through mass transfer within a binary star system (Fig. 1b) . These systems are very common; the Sun may be rather unusual in not having a stellar companion. If one of the stars in a binary star system runs out of hydrogen fuel in its core, it evolves from the mainsequence stage and its outer envelope expands -the star becomes a red giant. Because the star is now much larger, gas may flow from its envelope on to the companion star, provided the two stars are close enough. Even though the two stars never collide, the effect of the mass flow could be the same as a collision: the companion star becomes more massive and receives a fresh supply of hydrogen fuel to its core. After a phase of stable mass flow from one star to another, the system should contain a blue straggler orbiting around the remnant core of the donor star, in a wider binary system that has an orbital period of longer than one year. This seems to be the case for at least some of the blue stragglers seen in the halo of the Milky Way.
Using This suggests that, in this cluster, most blue stragglers have been produced by mass flow between stars within a binary.
Taken together, these results 1,2 produce a consistent story: one in which blue stragglers are formed in both ways in star clusters, with collisions becoming more common with increasing cluster density, and binaries alone producing the blue-straggler population seen in the Galactic halo. 
Protein substrate
ATPases reports the first crystal structure of a large portion of a conjugation 'machine'. The researchers' findings represent a great leap in our understanding of how these transfer systems function at the molecular level.
Conjugation systems are a subfamily of type IV secretion (T4S) systems, whose range of functions includes DNA exchange with the environment and delivery of DNA and protein effectors to bacterial, fungal, plant and human target cells 2 . A few T4S systems in Gram-negative bacteria have been extensively studied, and one of these, the VirB/VirD4 T4S system from Agrobacterium tumefaciens, serves as a point of reference for this superfamily of translocation systems. In A. tumefaciens, 11 VirB sub units assemble together with a VirD4 subunit to form two structures: a gated channel for substrate transfer and a conjugative pilus (a hairlike appendage) for establishing contact with target cells 2 . During the past decade, Waksman and colleagues have solved the structures of several subunits of T4S systems [3] [4] [5] [6] [7] [8] , adding crucial details to an emerging picture of channel architecture. Earlier this year, these investigators presented a structure 9 of a portion of a conjugation channel, known as the core complex, from Escherichia coli, solved at a resolution of about 15 Å using cryo-electron microscopy (cryo-EM). The structure showed that 14 copies of the complex's TraN, TraO and TraF subunits -which are functionally equivalent to VirB7, VirB9 and VirB10 in A. tumefaciens -assemble as a large chamber, 185 Å wide and high, that spans the bacterial cell envelope (Fig. 1) . The authors designated the portions of the chamber that are close to the inner and outer membranes of the envelope as inner (I) and outer (O) layers, respectively.
Waksman and colleagues 1 now provide the first high-resolution (2.6 Å) three-dimensional crystal structure of a portion of the core complex from E. coli (Fig. 1) . The structure, which corresponds to the O-layer of the cryo-EM structure 9 , is a tour de force in structural biology. It is the first X-ray structure of an outer-membrane pore that consists of more than one type of subunit; all other known outer-membrane pores or channels consist of variable numbers of a single subunit. It is also one of the largest membrane-protein complexes solved to date. Surprisingly, the structure reveals that the outer-membrane pore, called the cap, is composed not of TraO (VirB9), as previously predicted 9 , but of a domain of TraF (VirB10) known as the antennae projection 6 . This projection consists of two α-helices and an intervening loop; 14 copies of these twohelix bundles arrange to form the membranespanning pore. This is a strikingly unusual structure -almost all other bacterial outermembrane proteins assemble as β-barrels in the membrane, rather than as α-helices.
Even more intriguingly, the new structure 1 , taken together with earlier findings 10 , establishes that TraF (VirB10) spans the cell envelope. This is unprecedented among bacterial membrane proteins, and is especially fascinating because VirB10 is structurally dynamic 11 . Specifically, VirB10 senses conformational changes that accompany either the binding or hydrolysis of ATP (an energy source) by protein subunits situated at the conjugation channel's entrance. VirB10 responds to these changes by undergoing its own structural transition, which is required for the conjugation system to transfer a substrate. In the context of Waksman and colleagues' new structure 1 , this ATP-sensing mechanism could serve to modulate gating of the α-helical pore to permit substrate passage. Indeed, the authors suggest that structural differences detected in their cryo-EM 9 and X-ray structures 1 might reflect different energy states of the complex.
So what is the large chamber in the core complex for? In A. tumefaciens, besides the VirB7-VirB9-VirB10 core complex, at least seven other subunits are required for substrate transfer 12 . These subunits might assemble within the core chamber, the dimensions of which are sufficiently large to house an intact translocation channel (Fig. 1a) . Additionally (or alternatively), the core chamber could serve as a staging arena for pilus biogenesis (Fig. 1b) .
The idea that the core chamber acts as a structural scaffold for channel and/or pilus assembly is gratifyingly compatible with most biochemical data. But such a model needs to be reconciled with at least three experimental observations. First, it is known that deletion of at least half of the amino acids in the VirB10 antennae projections (which come together to form the outer-membrane pore) selectively abolishes pilus biogenesis without disrupting substrate transfer 10 . If substrates pass through the core chamber (Fig. 1a) , how can they transit through the outer membrane without an intact pore?
Second, although most T4S-system substrates engage with their T4S systems at the channel entrance in the cytoplasm, some substrates -such as the pertussis toxin, a penta meric protein complex -first assemble in the periplasm (the space between the inner and outer membranes of the bacterial cell envelope) and then engage with the T4S system for transfer across the outer membrane 13 . But Waksman and colleagues' X-ray structure 1 reveals an extensive network of interactions 
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The Way Things Are. By Prof. P. W. Bridgman -In this remarkable compilation the author gives us his views, frequently unorthodox, on Marxism, death, integrity, psycho-analysis, taxation, freewill, Red Indian languages, martyrdom, sovereignty, faith, military service, McCarthy, the economic status of the teaching profession, and the illogicality of women. Income tax provokes Prof. Bridgman's indignation as much as anything. "To me the thing that is hardest to bear is the obvious inequity of it all. I do not expect my neighbour to give to me of his goods because I need them more than he does-why should society compel me to give of my goods to society because society needs them more than I do, society being only all my neighbours together? Every time I pay my income tax I smart under a sense of unfairness as keen as that of the old militant suffragette, denied the right to vote merely because of her sex. I feel exploited and discriminated against on the basis of superior ability and industry. It is hard to keep away the bitterness." From Nature 26 December 1959.
The Revue générale des Sciences of November 30 contains a lengthy and important article by Dr. Louis Wickham on the therapeutic action of radium on cancer … The illustrations … are even more startling than those which have appeared in the English journals cited. The appearances presented before and after treatment are such as will, almost surely, carry conviction to all laymen, whether healthy or suffering from cancer, that radium can cure the disease. But Dr. Wickham does not write in a corresponding spirit of optimism. Indeed, the only note of triumph is the phrase "It is delightful to think that the whole evolution of radiotherapy (the marvellous discovery of radium by P. Curie and Mme. Curie, the construction of perfected apparatus, therapeutical applications) is almost entirely French." From Nature 23 December 1909.
NANOTECHNOLOGY
Molecular transistors scrutinized
James Kushmerick
Transistors have been made from single molecules, where the flow of electrons is controlled by modulating the energy of the molecular orbitals. Insight from such systems could aid the development of future electronic devices.
Transistors, the fundamental elements of integrated circuits, control the flow of current between two electrodes (the source and drain electrodes) by modifying the voltage applied at a third electrode (the gate electrode). As manufacturers compete to produce ever smaller devices, one logical limit to circuit miniaturization is transistors whose channels are defined by a single molecule. The construction and characterization of such a device has been a long-standing goal of nanoelectronics.
In fact, solid-state molecular transistors have already been made, and are based on two mechanisms: Coulomb blockade, in which the flow of electrons is controlled by the sequential charging of a molecule; and the Kondo effect, in which conducting electrons interact with local spin (intrinsic angular momentum) in a molecular junction [1] [2] [3] [4] . A third approach has been predicted 5 , based purely on electrostatic modulation of the molecular-orbital energy of a single molecule. On page 1039 of this issue, Song et al. 6 describe the first practical realization of this approach, and characterize the resulting devices in unprecedented detail.
Despite various reports 1 -4,7 of single molecules being electrically connected to two electrodes, achieving this feat is a daunting task. Song et al. 6 fabricated their devices by coating gold wires with the molecules of interest, then breaking the wires using a technique called electromigration and thus producing nanometre-scale gaps in the wires (Fig. 1) . On occasion, the molecules coating the wire fortuitously become trapped in the gaps. This results in systems of source/drain electrodestwo broken ends of the wire -spanned by the molecules, forming a junction through which electrons can 'tunnel' . One of the benefits of this fabrication method is that the junction can be formed directly over an oxidized-aluminium gate electrode, thus providing the necessary three-terminal geometry of a transistor.
Where Song and colleagues' study excels is in the detailed examination of their molecular junctions. The field of molecular electronics has long been plagued by concerns that the observed current-voltage characteristics among the core subunits of T4S systems, and it is not evident how multisubunit substrates could gain access to the core's chamber for translocation.
Finally, the diameter of the α-helical pore in the new crystal structure 1 is only 32 Å, a size that could accommodate DNA and unfolded protein substrates, but not a multisubunit protein substrate or, for that matter, the conjugative pilus (80-120 Å in diameter) 14 without inducing gross structural rearrangements.
These and other issues await further study, but in the meantime Waksman and colleagues are to be credited for a quantum leap in our understanding of macromolecular translocation in bacteria. On the structural front, the next task is to resolve even larger subassemblies of T4S systems and, ultimately, the entire translocation machine. Defining how the core complex physically associates with the conjugative pilus will also be a formidable technical challenge, but this is an essential goal if we are to understand the role, if any, of the pilus in substrate transfer. Equally necessary are functional studies to establish that the structures solved in vitro exist and have biological activity in vivo. Besides stimulating these and other avenues of research, Waksman and colleagues' findings 1 move us a step closer to developing drugs that target T4S systems, for controlling the spread of anti biotic resistance and mitigating the proliferation of medically important pathogens. 
